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Abstract – Nacrtak
Arboriculture plantations aim to produce high-quality wood. In order to investigate the type 
and extent of mechanical injury that pruning causes to tree cambium as well as the effects on 
the healing process, different types of shear were selected and used in an eight-year-old Quer-
cus robur L. plantation. The amount of removed, detached and crushed bark was assessed by 
means of image analysis immediately after pruning. After 15 months, the effect of different 
cutting patterns on the healing process was investigated by measuring the area of the pruned 
branch covered by woundwood (HI1). Five years after pruning, the same analysis was per-
formed above and below bark (HIo5 and HIu5) and a number of parameters were assessed in 
order to quantify the quantity and quality (symmetry) of woundwood growth and the healing 
time for sealing. The action of pruning tools depends on cutting pattern and branch diameter. 
The greater the diameter, the longer the healing time. The double-blade tool caused less injury 
and showed the fastest healing process. The use of double blade pruning tools is thus recom-
mended to improve the performance of wood quality production in arboriculture plantations. 
We also recommend the healing index HI1 for an early assessment of pruning damage.
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of	Q. robur	 (Table	1)	were	selected	 for	a	 total	of	36	
branches	cut	by	each	shear.	For	every	single	tree	the	
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Table 1 Characteristics of the Quercus robur trees at the time of pruning (2006): DBH, diameter at breast height, and diameter and height above 
ground level of the pruned branches (S.E. and N). The values of felled trees refer to 2006. DBH was measured overbark on standing trees in 2006 
and underbark on crosscut sections in 2011. The differences among groups were not statistically significant (Kruskal-Wallis test, p-level 0.05)
Tablica 1. Značajke stabala hrasta lužnjaka u vrijeme orezivanja grana (2006): DBH, prsni promjer; promjer orezanih grana i visina grana od 
tla (standardna pogreška i N). Vrijednosti se odnose na 2006. godinu. Prsni je promjer mjeren s korom na dubećim stablima 2006. godine i bez 
kore na isječcima 2011. godine. Razlike među grupama nisu bile statistički značajne (Kruskal-Wallisov test, p-level 0.05)
Tree DBH, mm




Visina od tla, cm




(4.6 N = 5)
15.7
(0.1 N = 36)
152.9
(7.8 N = 36)
BP
60.2
(13.3 N = 4)
15.7
(0.1 N = 36)
142.9
(10.2 N = 36)
DC
61.4
(2.7 N = 4)
17.0
(0.1 N = 36)
147.9
(10.6 N = 36)




(8.1 N = 3)
15.7
(0.1 N = 21)
164.7
(12.4 N = 21)
BP
65.8
(16.7 N = 3)
15.8
(0.1 N = 32)
143.6
(11.3 N = 32)
DC
61.0
(2.7 N = 4)
17.0
(0.1 N = 36)
147.9
(10.6 N = 36)
Fig. 1 Outline of cutting pattern
Slika 1. Izgled načina rezanja
Fig. 2 Example of the method used for measuring the damage to 
cambium in fresh cuttings. The injury was quantified by measuring 
the angle included in the arc of the injured section perimeter
Slika 2. Primjer metode korištene za mjerenje oštećenja kambija na 
svježim prerezima. Ozljeda je kvantificirana mjerenjem kuta kružnoga 
isječka na čijem se luku nalazi oštećenje




sured	 in	order	 to	compare	 them	with	 the	previous	
results	and	pictures	(taken	immediately	after	pruning	
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Fig. 3 Asymmetrically (a) and symmetrically (b) healed cuts, and cross section (c) with detail of: distance between cutting section and un-
derbark stem perimeter (SC) and thickness of entrapped cork layer (DW)
Slika 3. Asimetrično (a) i simetrično (b) zarasli rezovi te presjek (c) s detaljima: udaljenost mjesta reza od plašta debla bez kore (SC) i debljina 
urasle kore (DW)
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3.1  Mechanical injury immediately after pruning 





was	 separate	 from	 the	wood;	 and	 removal,	where	
some	bark	parts	were	missing.	The	cutting	pattern	did	
not	 significantly	affect	 the	kind	of	 injury	 (data	not	
shown),	while	the	extent	of	injury	varied	in	the	follow-
ing	order:	DB	<	DC	<	BP	(p	<	0.001)	(Fig.	4).
3.2  Healing process after 15 months – Proces 












Fig. 4 Damage assessed immediately after pruning (2006) for diffe-
rent cutting patterns (+/– S.E.). Different letters show significant 
differences (Tukey HSD test, p<0.05, N = 36)
Slika 4. Oštećenje ustanovljeno neposredno nakon orezivanja (2006) 
za različite načine rezanja (+/- standardna pogreška). Različita slova 
pokazuju signifikantne razlike (Tukey HSD test, p < 0.05, N = 36)
Fig. 5 Healing process index (HI1) fifteenth month after pruning 
(2007) for different cutting patterns (+/– S.E.). Different letters 
show significant differences (Kruskal-Wallis multi-comparison test, 
p < 0.05, N = 36)
Slika 5. Indeks procesa zarašćivanja (HI1) petnaest mjeseci nakon 
orezivanja (2007) za različite načine rezanja (+/– standardna po-
greška). Različita slova pokazuju signifikantne razlike (Kruskal-Walli-





3.3  Healing process 5 years later – Proces 
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Fig. 6 Distribution of healing process index (HI) classes (%) – 3 shears: double blade (DB), bypass (BP) and draw cut (DC) – Quercus robur L. – a) 
HI1: healing index assessed fifteen months after pruning; b) HIo5: healing index assessed overbark five years after pruning; c) HIu5: healing index 
assessed underbark five years after pruning
Slika 6. Distribucija po razredima indeksa procesa zarašćivanja (HI) – 3 tipa škara: s dvostrukim sječivom (DB), s mimoilaznim sječivom (BP) i s 
jednostrukim sječivom (DC) – Quercus robur L. – a) HI1: indeks zarašćivanja ustanovljen petnaest mjeseci nakon orezivanja; b) HIo5: indeks zarašći-











Table 2 HIu5, healing index assessed under bark; HSI, healing symmetry index; SC, distance between cutting section of a branch when pruned 
and underbarked stem perimeter; DWI, damaged woundwood index; HT, healing time five years after pruning by double blade (DB), bypass (BP) 
and draw cut (DC) shears (S.E. and N). Different letters show significant differences among values in a column (Kruskal-Wallis test, p < 0.05)
Tablica 2. HIu5, indeks zarašćivanja ustanovljen nakon uklanjanja kore; HSI, indeks simetrije zarašćivanja; SC, udaljenost između mjesta reza 
grane pri orezivanju i plašta debla bez kore; DWI, indeks oštećenja drva rane; HT, vrijeme zarašćivanja pet godina nakon orezivanja škarama s 
dvostrukim sječivom (DB), s mimoilaznim sječivom (BP) i s jednostrukim sječivom (DC) (S.E. i N). Različita slova označuju signifikantne razlike 
među vrijednostima u stupcu (Kruskal-Wallisov test, p < 0.05)
Tool – Oruđe HIu5 HSI SC, cm DWI HT, years – HT, godine
DB
1.00
(na N = 21)
0.81
(0.04 N = 17)
18.0 a
(1.4 N = 19)
0.29 a
(0.04 N = 19)
2.4 a
(0.1 N = 19)
BP
0.99
(0.01 N = 32)
0.78
(0.04 N = 28)
18.4 a
(1.1 N = 30)
0.42 ab
(0.05 N = 30)
3.6 b
(0.2 N = 30)
DC
0.95
(0.02 N = 36)
0.65
(0.05 N = 27)
12.1 b
(0.6 N = 32)
0.54 b
(0.06 N = 32)
4.0 b
(0.2 N = 32)
p ns ns < 0.001 < 0.03 < 0.001
na: not available because all the wounds were completely healed, i.e. HIu5 = 1 – na: nije dostupno zbog toga što su sve rane potpuno zarasle, odnosno HIu5 = 1
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Fig. 7 Examples of a cutting section after pruning (above) and 15 months later (below). a – Double blade shear; b – Draw cut shear; c – 
Bypass shear. Quercus robur L.
Slika 7. Primjeri mjesta reza nakon orezivanja (gore) i 15 mjeseci poslije (dolje.); a – dvostruko sječivo; b – jednostruko sječivo; c – mimoilazno 
sječivo. Quercus robur L.


























Fig. 8 Healing Time (HT in years) versus branch diameter per each 
cutting pattern
Slika 8. Ovisnost vremena zarašćivanja (HT u godinama) o promje-
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  Sažetak  
Utjecaji načina rezanja škara na zarašćivanje pri orezivanju stabala 
u plantažama za proizvodnju drva visoke kakvoće
Stabla se u plantažama orezuju radi proizvodnje visokokvalitetnoga drva. Da bi se odredili tip i opseg mehaničkih 
ozljeda koje orezivanje uzrokuje kambiju stabla te utjecaj na zarašćivanje, odabrani su različiti tipovi škara (s dvostru-
kim sječivom – DB, s jednostrukim sječivom – DC i s mimoilaznim sječivom BP) kojima je orezana osmogodišnja 
plantaža hrasta lužnjaka. Količina uklonjene, odvojene i nagnječene kore ustanovljena je analizom snimaka neposred-
no nakon orezivanja. Petnaest mjeseci nakon orezivanja mjerenjem zarasle površine orezane grane istraživan je utjecaj 
različitih načina rezanja na zarašćivanje. Na temelju zarasle i ukupne površine prereza određen je indeks procesa 
zarašćivanja (HI1). Pet godina nakon orezivanja jednaka je analiza provedena mjerenjem na kori (HIo5) i nakon uk-
lanjanja kore (HIu5). Osim toga ustanovljeni su i ostali parametri radi određivanja količine i kakvoće (simetrije) 
zarašćivanja te vremena zarašćivanja. Utvrđeno je da utjecaj oruđa za orezivanje ovisi o načinu rezanja i promjeru 
grane. S povećanjem promjera grane raste i vrijeme zarašćivanja. Uporaba oruđa s dvostrukim sječivom uzrokovala 
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je manje ozljede i brži process zarašćivanja. Stoga se radi poboljšanja kakvoće drva pri orezivanju plantaža preporučuje 
uporaba oruđa s dvostukim sječivom. Također se preporučuje primjena indeksa procesa zarašćivanja (HI1) za rano 
određivanje štete uzrokovane orezivanjem.
Ključne riječi: hrast lužnjak, oruđa za orezivanje, agrošumarstvo, kakvoća drva, zarašćivanje
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